Background and objectives: Smallholder households with a plot size of 1-5 ha manage nearly half of Vietnam's acacia plantations. They mostly harvest acacia timber after short rotation periods (5-6 years) producing woodchips with relatively low financial returns compared to potential profits from sawlog production through long rotation periods. The domestic wood production cannot yet meet the needs of the booming furniture industry for raw materials. This paper investigates factors that influence the adoption of long-rotation periods for sawlog production by small-scale plantation owners. Materials and methods: The impact of farmer and farm characteristics and the characteristics of the external environment on the probability to adopt long rotation periods is analyzed. The data were collected through focus group discussions (FGD) and a household survey to capture the wider socio-economic situation of small-scale plantation owners in central Vietnam. Findings: Results from FGDs and probit regressions show that factors that potentially constrain small-scale plantation owners from the production of sawlogs can be grouped into four themes: (1) small and fragmented land holdings, (2) high risks related to natural disasters and other biotic and abiotic hazards, (3) high production and monitoring costs, and (4) lack of knowledge and experience in plantation management. Conclusions: Potential policy approaches to promote the adoption of long rotation periods should include a package of measures that simultaneously address the constraints of smallholders and the various risks that they face.
Introduction
Vietnam is one of the few tropical countries that has experienced a shift from net deforestation to net reforestation over the last three decades with a rapid expansion of the forest cover from 28.3% in 1990 up to 40.8% in 2015, largely due to expansion of forest plantations [1, 2] . Several factors contributed to this forest transition, including efforts of the government to decentralize agricultural production, devolution of forestry land to households, and the overall transformation of the economic system from a centrally planned to a market-oriented system [3] . Two main instruments were used to increase the forest area: safeguarding remaining natural forests via the expansion of protected areas and the adoption of national "5 Million Hectare Reforestation Program" (5MHRP) in 1998 to reforest 5 M ha The 18 communes were selected according to two criteria. The first criterion was that the majority of households were involved in acacia plantations. Remoteness of communes to urban centers was the second criterion for sample selection, with infrastructure and distance to markets likely to play a strong role in explaining plantation owners' decisions regarding rotation periods of acacia. Communes were considered remote if their center was distant from the provincial center or a national highway, or if geographical conditions made access to them relatively difficult compared to other selected sites within Forests 2019, 10, 969 4 of 14 each province. In total, 9 remotely located communes and 9 that were non-remote or substantially closer to national highways were selected (Table 2) . For this study, in total 315 households, 105 for each province, were randomly selected out of the 18 communes based on the census information from commune leaders. However, the number of analyzed interviews was reduced to 306 because for 9 cases out of the 315 listed households either nobody was at home to answer the questionnaire or the data reported were evaluated as inconsistent. Structured questionnaires were used for conducting household interviews that covered information from households' socio-economic characteristics, tree plantation management and information on all other livelihood activities for the past 12 months from the time when this survey was conducted.
In order to gain a better understanding of plantation owners' perceptions and attitudes in relation to sawlog production from long rotation periods, focus group discussions (FGDs) were conducted in each of the selected communes. The purpose of the FGDs was to gain insights on smallholder incentives and disincentives related to sawlog production that could not be captured in the structured household questionnaires.
Data Analysis
The empirical model employed in this study was designed to estimate the impact of the farm and farmer characteristics, as well as the characteristics of the external environment on the adoption of long rotation periods for sawlog production. The choice of variables for the empirical analysis is based on the framework of Meijer et al. on the theory of innovation adoption [13] . The innovation in the current study refers to long rotation periods for the production of sawlogs by extending the rotation period and targeting a new output.
The probit model is used to estimate the probability of adopting long rotation periods, which is formulated as follows:
(1) where the values of the function G (z) range between 0 and 1, Y is the binary variable, equal to 1 if a household produces sawlogs from acacia plantations, or 0 otherwise; Pr denotes the probability that a farm household is involved in sawlog production from acacia plantations; Φ (X β) is the cumulative distribution function of the standard normal distribution; X is the vector of explanatory variables; and φ(z) is the standard normal density function. The parameters of the β vector are estimated using the maximum likelihood method. The empirical model estimates the underlying latent variable model:
As the interpretation of the coefficient estimates from the model described in (2) are not intuitive, average marginal effects (AME) are estimated. Marginal effects indicate the average change in the probability to adopt long rotation periods when an explanatory variable increases by one unit for continuous variables, or for a discrete change from 0 to 1 for dummy variables. For a non-linear model like probit, this effect will differ between households. Therefore, the AME calculates the average of all individual effects included in the analysis.
Due to the low number of households in the group that produced sawlogs within the study sample of 306 randomly selected households, the binary regression model estimations might have an overfitting bias if too many predictors are included, because the number of events per predictor (EVP) is very small [14] . In order to avoid this bias, simple probit regressions were performed with just one predictor in each model, to check whether there is any statistically significant association of selected predictors with the probability to adopt long rotation periods for sawlog production. Bivariate relationships were tested between the different variables (farm, farmer and external environment characteristics) and the decision of the farm household to produce sawlogs from acacia plantations. All model estimations were performed in Stata 15.
Definition of Variables
The dependent variable used in the probit regression models is a binomial categorical variable, which takes the value of 1 if a household produces sawlogs from its acacia plantations and 0 if a household produces only woodchip timber.
Independent variables included in the probit models can be categorized into three groups: (1) household characteristics, (2) farm characteristics, and (3) the variables describing an external environment and income shocks. The definition of most of the independent variables is given directly in Tables 3-5 , while a few variables that were calculated by authors require further clarification. These variables are land fragmentation index, total number of shocks, and the physical assets index.
Fragmentation of land into small plots is also likely to play a role in the decision-making of households on rotation periods of acacia. An indicator for land fragmentation is calculated using the Simpson's index [15] :
where a i is the size of plot i in ha and N is the total number of plots owned by a household. The land fragmentation index ranges between 0 and 1, with values closer to 1 indicating more fragmentation.
Total number of income shocks over the past 12 months is a sum of different events that have caused significant additional expenditures to households or a shock to their incomes.
A physical asset index was calculated based on the information on ownership of durable assets, including cars, motorbikes, and TV sets. Relative weights have been assigned to each asset type based on their average prices and then summed up for each household. This index is a relative measure and equal to 1 for a household that had the largest asset endowment in the study sample. Source: Authors' estimations based on the data from the household survey. a includes only households that have applied for a credit: 176 households that did not produce sawlogs, and 12 households that produce sawlogs. *, **, and *** significant at 0.1, 0.01 and 0.001 confidence levels respectively. 
Results

Differences Between Forest Owners Who Produce and Who Do Not Produce Sawlogs
Only 19 (6.2%) out of 306 surveyed households produced sawlogs. Farmer, farm and external environment characteristics for the surveyed households are summarized in Tables 3 and 4 . In order to receive a first glance on potential differences between the group of farmers that produce sawlogs and those who do not, proportions of positive responses for categorical variables for both groups were compared using the two-sample test of proportions (Table 3 ) and t tests were conducted for mean differences for continuous variables ( Table 4 ).
The majority of households were of Kinh ethnicity (79.1%), followed by Co Tu (19.9%), with the share of Kinh being much larger (94.7%) in the group that produce sawlogs ( Table 3) . A larger share of households in the group that produce sawlogs had access to paved roads both from their homestead and from their acacia plantations ( Table 3 ). As revealed during discussions with farmers, the distance to the nearest road and access to paved roads from the acacia plantation can play an important role in determining prices for acacia.
Tenure security is likely to have an important effect when explaining long-term decisions of farmers regarding rotation periods. In the study region, 60% of all households had a permanent land title for at least one of their acacia plots. This figure was 74% among the households that produced sawlogs ( Table 3 ). The majority of households sold all timber from acacia plantations to intermediaries (87.5%), the remaining 12.5% sold their produce directly at a market located in the same district or municipality. None of the households reported a direct contact to timber processing companies. In most cases, intermediaries purchased the whole timber from a given patch of land and carried out the related costs of harvesting and transporting.
The differences become more evident when farm characteristics are examined. Land size available for the farm household in total, as well as the land under acacia plantations are significantly larger for the group of households that produce sawlogs (Table 4 ). This implies that the smallness of land could be one of the important factors that prevents farm households from participation in sawlog production. Both groups had on average 11 years of experience with acacia plantations and had their land dispersed into more than four plots. For both groups of farm households, the land fragmentation index is relatively high, at more than 0.5, but there is no significant difference between the two groups (Table 4 ). Table 4 provides information on how often an individual income shock was experienced by both groups of farm households. A larger proportion of households within the group that did not produce sawlogs experienced income shocks related to the illness of a family member, drought, and livestock loss. A higher occurrence of droughts could be an important factor that affects households' decisions on overall farm investments and rotation periods for acacia.
Compared to households that were not involved in sawlog production, producers of sawlogs collected smaller volumes of wood and non-wood forest products from primary public forests. However, for both groups, the total value of forest products collected seems negligible, e.g., for households that did not produce sawlogs this value comprised only 88 thousand VND (3.8 US$) per year. Moreover, only a small share of surveyed households (17.6%) collected any forest products from primary public forests. No significant differences were observed for income from fishing activities or from self-employment, nor for livestock and household assets ( Table 4 ). Figure 2 summarizes plantation owners' answers on potential factors that would constrain them from increasing the acacia rotation length for the production of sawlogs from that required for woodchip. In almost all focus groups, forest owners were concerned about increased losses from natural disasters, such as typhoons. The losses were expected to increase due to longer waiting times until harvest. Cash shortages related to long rotation periods were mentioned in 16 out of 18 communes that were included in our survey. Forest owners indicated that 7-10 years of waiting for sawlog production Forests 2019, 10, 969 9 of 14 would be too long, because it would limit availability of cash for everyday family expenses. Moreover, the longer waiting time for returns from sawlogs could create difficulties in paying off interests on debts. Farmers from several communes reported limited access to long-term credit that could help them to switch to the production of sawlogs. sawlog production would be too long, because it would limit availability of cash for everyday family expenses. Moreover, the longer waiting time for returns from sawlogs could create difficulties in paying off interests on debts. Farmers from several communes reported limited access to long-term credit that could help them to switch to the production of sawlogs.
Plantation Owners' Perceptions and Attitudes on Sawlog Production
Focus groups from more than half of the communes claimed that the existing acacia varieties are of low quality and are not suitable for increasing the rotation length in order to produce timber for sawlogs. Plantation owners expected that the currently provided seedlings would produce easily breakable soft wood.
Long rotation cycles can imply larger transportation costs for the harvested wood. In some cases, a plantation owner had to cut a temporary road through the tree plantation of a neighboring farmer for transporting their timber. For instance, in a remote commune in the Quang Nam province, these costs would be 50 thousand VND (US$ 2.14) per tree if the removed trees were 3-4 years old. Costs of monitoring the forest plantation, e.g. to protect from theft, would be larger due to longer waiting times. In some communes, plantation owners pointed out that the land area under their Focus groups from more than half of the communes claimed that the existing acacia varieties are of low quality and are not suitable for increasing the rotation length in order to produce timber for sawlogs. Plantation owners expected that the currently provided seedlings would produce easily breakable soft wood.
Long rotation cycles can imply larger transportation costs for the harvested wood. In some cases, a plantation owner had to cut a temporary road through the tree plantation of a neighboring farmer for transporting their timber. For instance, in a remote commune in the Quang Nam province, these costs would be 50 thousand VND (US$ 2.14) per tree if the removed trees were 3-4 years old.
Costs of monitoring the forest plantation, e.g., to protect from theft, would be larger due to longer waiting times. In some communes, plantation owners pointed out that the land area under their ownership would be insufficient and too fragmented for the production of sawlogs. Some also indicated that the smallness of plantation size impedes establishment of a safe belt for the whole plot against strong wind, fire, livestock and other risks.
According to plantation owners' reports during the FGDs, the market and the network of intermediaries are well established for woodchips, but not for sawlogs. In addition, plantation owners were concerned about unstable timber prices.
A further potential disincentive to switch to long rotation periods, as indicated by farmers, could be that long rotation periods allow for less often intercropping. As reported in some focus groups, during the first year of the rotation, acacia would be intercropped with crops such as rice, cassava, sweet potatoes, and other vegetables. Therefore, a short rotation period would allow an intercropping every 4-5 years, whereas with a long rotation cycle, such intercropping would be possible only every 7-10 years.
Finally, producing two different outputs with differing rotation periods could create a conflict between producers of woodchip and producers of sawlogs. Some farmers expressed concerns about increased fire risks, if neighboring plantations produce two different outputs, because a common practice after harvesting involves burning the field. Some of the themes were brought out by focus group discussions more often than others, particularly the risk of natural disasters, cash shortages for everyday expenses, inadequate seedling materials, higher production costs, and small and fragmented land holdings. In two communes, plantation owners' focus groups indicated that production of sawlogs would be less beneficial than the production of woodchips. One-third of the focus groups also reported that there is a lack of experience in plantation management for sawlog production. Table 5 reports the results of the simple probit regression models. The Likelihood Ratio (LR) Chi-Square test-that the regression coefficient of an explanatory variable is not equal to zero-is reported for each regression model. The number in the parentheses indicates the degrees of freedom of the Chi-Square distribution test, which is 1 for a simple regression. Only 6 out of 19 coefficients are statistically significant at the 10% confidence level. Statistically significant bivariate relationships with the decision to adopt long rotation periods were observed for land size under acacia, Kinh ethnicity, location in a remote commune, access to paved road from acacia plantations, and two income shocks (drought and serious illness of a family member). The size of land used for tree plantations seems to be one of the important predictors of the probability to produce of sawlogs. The larger the land size, the more likely it is that the household produces sawlogs.
Results of the Regression Analysis
Belonging to the Kinh ethnicity was also found to be positively associated with the probability of having extended rotation periods and producing sawlogs from acacia plantations. Ethnicity is likely to be linked to other factors, particularly to location in a remote community and the average land size available for farm households. People from the Kinh ethnicity have a larger land size, while ethnic minorities like Co Tu are likely to live in comparatively remote locations and have smaller land size for acacia plantations. Location in a remote commune was another important factor influencing the probability of producing sawlogs by smallholder farm households.
Regression results further indicate that income shocks, such as drought and a serious illness of a family member are negatively associated with the production of sawlogs, and significantly reduce the probability of adopting long rotations.
In order to avoid the overfitting bias due to the small sample size of sawlog producers, a multivariate probit model with more than one independent variables could not be estimated. This implies that the results presented in Table 5 should be interpreted as the relationship of the included variables with the decision to adopt sawlog production, when other explanatory variables are not controlled for.
Discussion
Based on the focus group discussions and regression results, factors that potentially constrain small-scale plantation owners from production of sawlogs can be grouped into four themes: (1) small and fragmented land holdings, (2) high risks related to natural disasters and other biotic and abiotic hazards, (3) high production and monitoring costs, and (4) lack of knowledge and experience in plantation management.
Small and Fragmented Land Holdings
Acacia plantations are the main livelihood activity for small-scale forest owners in the study area and many families cannot afford longer return periods for their investments associated with sawlog production. FGDs showed that extending the rotation period would cause cash shortages for everyday family expenses. Another major concern expressed during the FGDs was the smallness and fragmentation of land holdings. The land size averaged 4.2 ha for households that did not produce sawlogs, which is 93.8% of all interviewed households. In contrast, the mean land size for those who adopted sawlog production averaged 7.6 ha. These land holdings are divided on average into four plots. That land size leads to an increased ability to adopt long rotation periods is confirmed by regression analysis results.
A policy that intends to promote sawlog production among smallholders needs to address the issue of liquidity constraints and the small size of land holdings. One of the measures could be the introduction of contracts with timber companies, through the so called "out-grower systems". Establishing direct contracts with timber processing companies could increase the added value from acacia output for farm households in contrast to the current practice of selling timber to intermediaries prior to harvest. Moreover, establishment of out-grower schemes can ensure a guaranteed market, reduce the risks to a small plantation owner, and potentially provide financial support depending on the terms of the contract [16] .
The establishment of cooperatives could be another measure to tackle the issues related to the smallness of farm size. Some donor projects promoted forest owner associations (FOAs) or so called forest farmer groups (FFG), but the uptake of these has so far been slow, with most households preferring to operate individually [17] . The Decision 2905/QD-BNV by the Vietnamese Government from August 22, 2016 states that forest owner associations are to be established throughout Vietnam, as a voluntary setting of plantation owners in order to support its members in forest management, to provide information and trainings. It is still unclear whether the establishment of forest owner associations will be sustained. More research is needed to understand the forest owners' needs with regards to such an organization. Operating in a group could help plantation owners to gain increased bargaining power in terms of purchasing inputs, as well as marketing their products.
High Risks Related to Natural Disasters and Other Abiotic and Biotic Hazards
Increasing the rotation periods for acacia plantations combined with thinning activities necessary for the production of sawlogs increases the risk of storm damage, especially in central Vietnam [12] . This part of Vietnam is frequently haunted by devastating typhoons, which can destroy stands in a few hours and lead to decreased prices for sawn timber. Soil erosion caused by high-intensity rainfall during the typhoon season can reduce stand productivity especially in central Vietnam, where thousands of plantation owners grow acacia on eroded soils [12] .
During focus group discussions, plantation owners from many communes expressed concerns related to high risks of natural disasters, and particularly floods and storms. It has been argued in the literature that the high (perceived or real) risk of storms could be an important barrier that discourages small-scale forest owners from the long-term investments [11] . Small-scale plantation owners perceive risks of storm damage to be lower, if they harvest their trees after a short rotation [17] .
Major biotic hazards for acacia plantations in Vietnam include heart rot diseases (especially relevant for sawlog production), pink disease caused by the fungus Erythricium salmonicolor that affects A. mangium and acacia hybrid, and leaf blight diseases [18] .
Thus, promotion of longer rotation periods requires that the concerns of plantation owners related to various natural hazards and other uncertainties are addressed via the introduction of insurance schemes or other risk management measures, as well as adequate training and support to deal with the acacia diseases.
High Production and Monitoring Costs
Due to the smallness of scale, transaction costs of plantation owners in relation to long rotation periods for the production of sawlogs can be very high. The FGD findings reveal that plantation owners expected switching to long rotations would require additional investments, in terms of better seed, higher equipment and machinery cost, as well as higher cost of monitoring for longer periods of time. Plantation owners in remote communes and with poor access to adequate quality roads are even less likely to adopt long rotations as indicated by the regression analysis results, probably because larger distance to markets and transport costs add to already high transaction costs related to long rotation periods for small-scale plantation owners.
FGD findings further showed that long rotation periods would also reduce the possibility of intercropping which can be repeated more often in short rotation systems. Future studies that compare returns to short and long rotation periods should incorporate this aspect. Otherwise, an important source of returns from investment into short rotation systems would be ignored and thus would not reflect the real trade-offs between the two rotation systems.
Production of sawlogs through long rotation periods might require specialized heavy machinery for harvesting and transportation [11] , that is likely to be too costly for an individual forest owner due to the smallness of land holdings. An establishment of FOAs could help to reduce production costs via joint procurement of inputs or perhaps via sharing the costs of machinery, while monitoring tasks could be organized together with the other FOA members.
Lack of Knowledge and Experience in Plantation Management
As indicated by plantation owners during the FGDs, one of the potential disincentives to adopt long rotation periods is the lack of experience with plantation management for sawlog production. This outlines the importance of training that could be provided by extension services. However, due to the interlinkages between the various constraints of small-scale plantation owners with regards to long rotation periods, none of the measures will be successful if implemented alone. Adequate trainings seem necessary to support the plantation owners with the relevant information on silvicultural techniques. However, if the high risks and transaction costs related to the smallness of their holdings are not addressed, the adoption of long rotation periods is likely to remain low.
Conclusions
Low adoption of long rotations by smallholders, as revealed in this study, is associated with small and fragmented land holdings, high risks related to natural disasters, high production and monitoring costs, and a lack of knowledge and experience in plantation management. Potential policy approaches that seek to promote the adoption of long rotations by small-scale acacia growers should include a package of measures that simultaneously address the constraints of smallholders and the number of risks that they face, while ensuring that adoption of long rotation periods contributes to improved welfare of rural households in Vietnam. Future economic evaluations of farmers' decision-making should incorporate various risks that smallholders face in order to have a full picture of internal and external factors that influence their decision on sawlog production. One of the limitations of this study is that the number of households that produced sawlogs included in the survey is very small which is related to the general low adoption of the practice in the region, but also means that the regression results should be interpreted with some caution. For instance, some of the important differences between the farmers that produce sawlogs and those who do not could become visible only once a larger number of sawlog producers is included in the study. Nevertheless, the evidence reported in this paper provides useful findings about the situation of smallholders and important factors that constrain farmers from the production of sawlogs.
